Clemson University
Clemson's computational science program was developed in 1988 by R.M. Panoff (physics, now at NCSA), D.E. Stevenson (com-, cLEhdsoN chemistry. Its philosophy is that computational science is holistic: an umbrella for many disciplines rather than a discipline itself. The concept of computational science centers on applications, algorithms, and architectures.
Course work is aimed at the senior and postgraduate levels. One course, open to all science and engineering students, emphasizes interdisciplinary group work through case studies. For example, last spring's course had three groups among seven people: computer science and physics; physics and agricultural engineering; and computer science and textile chemistry. Clemson insists on this sort of arrangement to sensitize students to the problems of interdisciplinary collaboration. The first course focuses on doing classical, easy-to-understand problems well. A second course is being developed to address advanced topics and advanced computer architectures.
Graduate students who want to concentrate on computational science must first be admitted to a specific department. This again emphasizes that computational science is only an umbrella. Computer science and the mathematical sciences offer a core of courses that prepare students in the relevant fundamentals. A doctoral candidate's committee is chosen from among the faculty who are interested in computational science. T h e dissertation is expected to have a bearing on applications, algorithms, and architectures. T h e program's faculty run a weekly computational science seminar; recently, it focused on development environments and software engineering issues.
The Clemson program is also active outside the university. Three faculty members participate in the Undergraduate-Faculty Enhancement Program in Computational Science, which uses the facilities of the North Carolina Supercomputing Center and the University of North 
George Mason University
Along with theory and experiment, computing is now part of the triad that comprises methods of investigation; it provides insight and leads to understanding that. in manv cases, theory and experiment cannot. George Mason University established its Institute for Computational Sciences and nformatics to address the role of computation in science, mathematics, and engineering, and to sponsor multidisciplinary activities that integrate various scientific fields. Recognizing that computation is a central feature of its instructional and research program, the Institute is in the process of establishing world-class computational facilities.
The doctoral and research program defines computational sciences as the systematic development and application of computing systems and computational solution techniques to models that describe and simulate phenomena of scientific and engineering interest. Informatics is the systematic development and application of computing systems and computational solution techniques to experimentally, analytically, or bibliographically generated data to extract information of interest in science and engineering. The Institute hopes to produce new knowledge and understanding about, and approaches to, the research and educational possibilities to be found in nature's complex systems.
The doctoral program emphasizes three elements: common topics in computational sciences and informatics, computationally intensive courses in specific areas of interest, and doctoral research. Specialty areas include biology, chemistry, computational fluid dynamics, earth systems science, mathematics, physics, space sciences, and statistics. The program requires 72 graduate credit hours to earn a PhD in computational sciences and informatics:
+ 12 hours of common computational sciences and informatics courses; + 12 hours from required courses in one area of interest;
+ 12 hours in electives from specialty courses in one area; + 12 hours from either additional computational topics, specialty research, individualized study based on professional experience and research, transfer credit, or other electives; and + 24 hours in dissertation research.
Students are encouraged to apply their knowledge to a broad range of scientific problems; they must acquire and use extensive computational knowledge and techniques that are missing from the more traditional science and mathematics degree programs.
The Institute is a separate unit of the university and reports to the provost. It has its own faculty (currently six full-time and 10 part-time research faculty from other departments), plus associated faculty from 15 departments. The program is slated to expand to about 25 regular faculty and 200 to 250 doctoral students.
For further information, contact Menas Kafatos, Institute for Computational Sciences and Informatics, George Mason University, Fairfax, VA 22030-4444; phone (703) 993-3627; e-mail mkafatos8compton.gmu.edu.
Mississippi State University
In 1990, the National Science Foundation awarded Mississippi State University $1 2 million over five years to establish a research center for computational field simulation. The center was founded on two established research programs at Mississippi State: computational fluid dynamics and microelectronics design. The College of Engineering was then given permission to award MS andPhD.de grees in both computational engineering and computer engineering.
T 
Purdue University
Purdue is establishing interdisciplinary master's and doctoral degree programs in computational science and engineering. All 15 departments of the School of Science and the Schools of Engineering are involved, plus the departments of Industrial and Physical Pharmacy, Medicinal Chemistry and Pharmacognosy, and Psychology. Purdue's CSE program gives students the opportunity to study a specific science or engineering discipline along with computer science in a multidisciplinary environment. The aim of the program is not to produce a student with parts of two degrees, but rather to train a student who has learned how to integrate computational science with another scientific or engineering discipline. The expected course load and exams for students in this program are roughly the same as master's or doctoral degrees in other disciplines at Purdue, with approximately one third of the course load and exam committees from the Computer Science Department and two thirds in the student's home department (for students whose home department is Computer Science or Computer Engineering within Electrical Engineering, the reverse is true). Master's degree students will be prepared to join and contribute to interdisciplinary research teams. Doctoral candidates are expected to become leaders in research and development at the forefront of their fields, applying advanced computational techniques and theory to solve key problems. Additionally, the program's planners hope it will foster interaction between faculty and students from the various departments through colloquia and team research efforts.
Four courses form the core of the CSE part of the program: computational methods in linear algebra, computational methods in analysis, high-performance computing, and computational science and engineering. The latter is a new graduate course surveying relevant material about computer systems, programming languages, software engineering, and so on. CSE students also choose from among the existing, more specialized courses offered by various departments.
Parallel and vector computers in the Purdue University Computing Center, the Computer Sciences Department, and the School of Electrical Engineering support the program. In addition, a CSE laboratory with multimedia workstations will be established and partially dedicated to support the courses.
The program is governed by an advisory committee made up of the heads of the participating departments, and operated by a graduate committee of representatives from each department. This latter committee has subcommittees that carry out the various responsibilities, and the committee chair heads the program. T h e departments award the degrees and thus control the curriculum. Each graduating student's transcript contains both the field of study (the home department) and the area of specialization, which indicates that the student completed Purdue's interdisciplinary CSE program. CSE students will be associated with a home department within the science or engineering schools, according to their major interest. They will take a core of computer science and mathematics courses, including numerical analysis and scientific computation. Beyond this, students will select a curriculum appropriate to their major field. Those in departments other than computer science or mathematics take about a quarter of their courses from the CSE core and about three quarters from among specialized science and engineering courses. Students having computer science or mathematics as home departments follow a slightly different path, taking approximately one quarter of their courses in an area of natural science or engineering.
Fifteen science and engineering faculty members belong to the Scientific Computation Research Center, which administers the program. Created in 1990 as a joint enterprise of Rensselaer's Schools of Science and Engineering, the research center maintains its mission to improve understanding of physical phenomena, provide new algorithms and solution techniques, and support computational experimentation. T h e group's activities are varied, but the center's central objective is to develop algorithms that reliably and automatically solve problems involving partial differential equations, parallel computational techniques and programming methodology, and optimal solution procedures for critical applications.
For further information, contact Joseph E. As a consequence of the rapid increase in computing power over the past decade, modern science and engineering rely increasingly on computation as an aid to research, development, and design. Indeed, we can hardly imagine a largescale engineering project that does not call upon some aspect of the mathematical and computational sciences. However, using the newest and most powerful computers requires a knowledge of parallel and vector capabilities along with such things as visualization, networking, and programming environments. In addition, new algorithms and analytic techniques enhance the power of these computational tools. The obvious relevance of these techniques to science and engineering led Rice University to establish a program in this area that can provide specialized training in high-performance computing technology.
In conjunction with the Computer Science, Chemical Engineering, and Electrical Engineering departments, the Mathematical Sciences Department has initiated a new degree program leading to master's and doctoral degrees in CSE. The program focuses on modern computational techniques and provides a resource for training and expertise throughout the university.
The program is governed by T a committee of faculty chosen by the dean of engineering, with ultimate oversight by the provost. This committee is responsible for helping students to design appropriate courses of study, setting examination requirements, and ensuring the integrity of the degree program. The committee is not a new department, but rather a mechanism for initiating the interdisciplinary research required to advance computational science. The master's degree is intended to produce experts in scientific computing who can work as part of interdisciplinary research teams. Graduates will be trained in state-of-the-art numerical methods, high-performance computer architectures, use of software development tools for parallel and vector computers, and the application of these techniques to a t least one scientific or engineering area. The curriculum consists of varied topics from mathematical sciences, computer science, and a selected application area. Requirements include successful completion of 30 semester hours or more of advanced courses (but no thesis).
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Students design their course of study with the committee's advice and approval.
It has been possible to construct this program from existing courses, with one exception. A new, one-semester course called Introduction to Computational Science now serves as the program's core course. It provides an introductory survey of the topics that make up the scientificcomputing program. Its purpose is to help students appreciate the program's scope so they will be prepared to select their later courses. It also serves the broader needs of the engineering school and the physical sciences by introducing their students to state-of-the-art technology in scientific computing.
Students advance to doctoral candidacy by successfully completing a program of approved course work along with satisfactory performance on preliminary and qualifying examinations. The program adheres to the foreign-language requirements of the student's department. Under the direction of a CSE faculty member, each doctoral candidate must complete an original thesis that is acceptable to the Computational Science Committee.
For further information, contact Danny Sorensen or Richard Tapia, Dept. of Mathematical Sciences, Rice University, Houston, T X 77251; sorensen@rice.edu, (713) 285-5193; or rat@rice.edu, (713) 527-4049.
Stanford University
Since 1988, Stanford has had an interdisciplinary program in place for granting degrees in scientific computing and computational mathematics. The program trains students to use \ advanced computer architectures and tools in various science and engineering disciplines; its main m T # thrust is the fusion of ideas from applied mathematics, numerical analysis, omputer science, and several ication areas. With the advent of modern computer architectures, i t seemed appropriate to develop a discipline that emphasizes the solution of problems requiring powerful computers in application areas.
T h e Scientific Computing and Computational Mathematics program resides in the School of Engineering, and students are admitted directly into the program independent of other departments. The faculty, who are part of other departments, comprise three levels of par-\ i 18 ticipation. Five core faculty members administer the program, while the associate faculty advise students and teach courses associated with their disciplines. There are also affiliated faculty who have less involvement in the program but teach courses of some interest to the students. There are now more than 30 PhD students, with backgrounds in mathematics, computer science, engineering, and medicine. In addition, graduate students in any degree program may receive a "Certificate in Computational Science," which certifies that they have completed certain courses in this area. A doctoral certificate requires an additional elective, that the dissertation be supervised by a member of the Computational Science faculty, and that the dissertation make a contribution to the field of computational science.
The introductory courses are organized by modules covering typical application areas that require computation for solutions in particle systems, field simulations, statistical techniques, and optimization problems. Each module includes an introduction to the typical engineering or scientific problem, the numerical methods suitable for solving the problem, the computational algorithms that carry out the method, the issues of high-performance computing for those algorithms, and how the resulting computation can be used in specific problems.
Another new gradate course, Case Studies in Computational Science, concentrates in more depth on computational techniques for statistical treatment of large data sets, computational fluid dynamics, and statistical physics.
The program is supported by the computing resources of the Northeast Parallel Architectures Center, which include a CMS, an SP1 with high-performance switching, two DECmpps, an nCube-2, and an iPSC/860.
For more information, contact Geoffrey Fox or Nancy McCracken, School of Computer and Information Science, Syracuse University, Syracuse, NY 13244; cps@npac.syr.edu.
The University of California at Davis
Computing has emergcd as a third way of doing science, complementing the time-honored theoretical and experimental approaches. T h e computational approach to science has made significant contributions in several disciplines such as aerodynamics, meteorology, and nuclear engineering, where previously intractable problems have been
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solved. Great promise and future growth lie in other disciplines such as molecular biology, materials science, chemistry, and physics. The possibilities opened up by the availability of highspeed computing have many similarities across scientific disciplines, so that a science of computation does exist.
Questions of science, computational techniques, computer science, and mathematics are inseparable in addressing the large issues in computational science. A practitioner of computational science must have skills in each area and be able to interact with people from all these areas. With this philosophy in mind, UC Davis established a computational science program within the Applied Science and Chemistry departments.
The program is designed for graduate students who are interested in applying computers to the physical, chemical, mathematical, and engineering sciences. The program involves course work from the traditional areas of physics, chemistry, computational mathematics, and computer science, as well as in the area of the student's specialization. Doctoral candidates in participating departments declare a designated emphasis in computational science, and take a special set of core courses in their home departments and a set of core courses in computational science. For example, in the Department of Applied Science, the core courses are applied mathematics, computational mathematics, and a computational science course designed especially for physical scientists and covering such topics as computer architecture, parallel computers, algorithms, and numerical methods. After passing written examinations, students continue their graduate studies by taking electives from a variety of courses in their department. Students are awarded a PhD in applied science with emphasis in computational science.
For additional information, contact Gary Rodrigue, Dept. of Applied Science, University of California a t Davis, Davis, CA 95616; rodri~ie~lIl-crg.llnl.gov, (5 10) 422-9787.
The University of California at San Diego
The discipline of scientific computation involves the formulation, analysis, and application of computational algorithms for the numerical solution of problems arising in science and engineering. An important characteristic of the discipline is the involvement of high-performance computing in both the theoretical and practical aspects of research. Scientific calculations gener-ally take two forms, which we group together under the generic title scientific computation:
Computation involves the formulation, analysis, and application of computational algorithms for the numerical solution of mathematical models; for example, finite-element methods for computational fluid dynamics, algorithms for image processing, or combinatorial optimization algorithms for circuit design. Simulation includes the mathematical modeling of simplified processes in order to represent real-world processes and systems on a computer; for example, rush-hour traffic in a metropolitan area, the real-time operations of a large telephone network, or the flow of air around an aircraft.
Computation plays a role in simulation, but the distinction between simulation and enormous number of problems that were once considered intractable can now be solved. An inevitable consequence of this success is that the role of scientific computation in research has changed. It is no longer just an adjunct to theoretical investigation, but now the principal means by which research is performed. Along with the ability to solve increasingly complex problems has come the need to train people in the science of computation. Ad hoc computing techniques have evolved into sophisticated problem-solving tools that require a greater understanding of computer hardware and software than was necessary in the past.
T h e planned PhD program (yet to be approved by the University of California) focuses on areas of scientific computation that have significant overlap with the physical and mathematical sciences and engineering. Students will have to meet all the requirements of a home department, but take at least 20 units of elective courses from a scientific computation core. For the first year or two, the home department would provide basic training within the student's major discipline. For the next one to two years, the student would pursue a secondary specialization and participate in a scientific computation seminar. In the final years, the student would complete dissertation research on a topic in scientific computation.
Students 
The University of Utah
At the University of Utah, the departments of Computer Science (in the College of Engineering) and Mathematics (in the College of Science) have recently developed a joint computational engineering and science program, designed mostly for students from the colleges of Engineering, Mines, and Science. First, it represents a meeting place to encourage interdisciplinary education and research among those who study and develop computational techniques for science and engineering applications. It is also a mechanism for students to obtain broader and more comprehensive training in computational science. A primary goal of the program is to train students in the use of advanced computing hardware and modern computational, graphical, and mathematical techniques for the solution of science and engineering problems that are inaccessible without such integrated expertise. T o acknowledge successful program completion, the university will issue a certificate in addition to the regular graduate degree. At a later stage, the program may grow into an interdisciplinary and cross-college graduate -degree program.
T o obtain this graduate certificate, a student must complete courses in architectures and algorithms, numerical analysis and computation, advanced numerical analysis and computation, scientific visualization, mathematical modeling, case studies, and a seminar, plus complete a project in an application area outside of mathematics and computer science (this will normally be satisfied by the student's thesis). The Computer Science and Mathematics departments recently created new laboratories consisting of several high-end graphics workstations and servers joined by high-capacity network links. The new labs augment other computing facilities throughout the university as well as a t the Utah Supercomputing Institute.
For more information, contact Chris Johnson, Dept. of Computer Science, or Peter Alfeld, Dept. of Mathematics, University of Utah, Salt Lake City, UT, 84112; crj@cs.utah.edu, (801) 581-7705; or alfeld@math.utah.edu, (801) 581-6842. 4
